Monoamine oxidase (MAO) activity was studied in various preparations of porcine brain micro vessels to explore further the role of this enzyme in the blood-brain barrier to catecholamines, No difference Abbreviations used: BBB, Blood-brain barrier; BSA, bovine serum albumin; HEPES, N-2-hydroxyethyl piperazine-N'-2-eth anesulfonic acid; 6-k-PGF la , 6-keto-prostaglandin Fla; L-DOPA, L-3,4-dihydroxyphenylalanine; M 199, medium 199; MAO, monoamine oxidase; NA, noradrenaline; PBS, phosphate-buff ered salt solution; PGE2, prostaglandin E2.
was noted (V m and Km) between microvessels isolated from three structures (caudate nucleus, thalamus, and ce rebral cortex) in which the responses to circulating cat echolamines in vivo are markedly different. Large and small microvessels from the caudate nucleus and the thal amus presented the same specific activity. Cell cultures obtained from small microvessels were rich in endothelial cells as identified by the presence of Factor VIII -related In a recent paper (Lasbennes et aI., 1983) , we showed that the level of monoamine oxidase (MAO; EC 1.4.3.4) activity in brain microvessels, as mea sured by V m (the maximum activity of the enzyme with respect to a given substrate), was high for both artificial and natural substrates, with a high Km (the concentration of substrate giving one-half V m) ' sug gesting that this enzyme could play an efficient part in blood-brain barrier (BBB) mechanisms. It is generally believed that the cerebrovascular MAO is situated to a great extent in the endothelium, since a characteristic green fluorescence is seen in the endothelium after L-3,4-dihydroxyphenylalanine (L-DOPA) injection in animals treated with a MAO inhibitor (Bertler et al., 1966; Hardebo et aI., 1979) . However, in spite of the BBB, circulating cate-cholamines have been shown in some, but not all, studies to affect the cerebral resistance vessels di rectly (e.g., James and MacDonell, 1975; Sercombe et aI., 1975; Muravchick and Bergofsky, 1976; McCalden et aI., 1977; Edvinsson et aI., 1979; Lopez de Pablo et aI., 1982) . They would presum ably, therefore, have to cross the endothelial barrier in some partes) of the vascular bed, implying that the barrier may not be equally efficient in all seg ments. Moreover, the regional differences in cate cholamine actions observed by some authors (Au bineau et aI., 1973; Sercombe et aI., 1975; Ed vinsson et aI., 1979) could also be related to a regional differentiation in the MAO activity leading to a greater or lesser access of catecholamine to the effector smooth muscle.
These considerations led us to compare the MAO activity between microvessels extracted from dif ferent regions of the brain and between two frac tions of different-sized microvessels. The third question we intended to answer was if it was pos sible to study MAO activity in cell cultures derived from cerebral microvessels.
METHODS

Preparation of micro vessels for immediate
MAO assay
The preparation of microvessels, based on the tech niques published by Goldstein et al. (1975) and Lai et al. (1975) , has been recently described in detail (Lasbennes et aI. , 1983) . Fresh pig brains were removed from the skull as quickly as possible and immersed at 4°C in a saline medium of the following composition: NaCI 119 mM, KCI 5 mM, CaCl2 0. 7 mM, MgS04 1.2 mM, NaH2P04 1 mM, NaHC03 1 mM, N-2-hydroxyethyl pi perazine-N' -2-ethanesulfonic acid (HEPES) 25 mM, pH 7.4. After dissecting away the meninges, the cerebral cortex (essentially gray matter), caudate nucleus, and thalamus were dissected out and gently homogenized in a Dounce homogenizer (pestle clearance 76-152 fLm) as previously described. The homogenates were then passed through a coarse nylon sieve (pore size 500 fLm) to elim inate large debris and vessels, and the filtrates were then successively passed 50 times through 250-and 120-fLm nylon sieves. In some experiments the vascular compo nent was separated into two different fractions: The matter on the two sieves (120 and 250 fLm) was washed separately into two glass tubes. Fraction 1 was the matter which was washed off the 250-fLm filter, and fraction 2 that which was washed off the 120-fLm filter. In other cases all the matter retained by the two sieves was pooled in a single glass tube. The remaining separation steps were the same as previously described for all the different fractions obtained by filtration. Briefly, after concentra tion by centrifugation, the pellets were resuspended in HEPES medium containing 25% (wt/vol) bovine serum albumin (BSA; fraction V, Sigma) and centrifuged at 1,000 g for 20 min to separate off the myelin. The micro vessel pellets were collected and washed to remove the serum albumin.
Culture of cells derived from cortical microvessels
The procedure used for the isolation of the microves sels was derived from the method of Debault et al. (1979) . The cortex, cleared of the meninges, was cut into small pieces and washed with a phosphate-buffered salt solution (PBS) of pH 7.0 containing 2 giL glucose and 0. 3 gIL BSA. The tissue was incubated at 37°C for 10 min with 10 ml 0.1% collagenase (Worthington CLS type I) dissolved in the PBS and then washed with 20 ml Earle's balanced salt solution buffered with 15 mM HEPES (Gibco). The partially digested tissue was further disso ciated by 10 aspirations in a syringe with a I.I-mm needle (internal diameter). The microvessels were separated from this homogenate by several filtrations on various nylon sieves. The material collected on the 250-fLm mesh (fraction I) contained mainly large vessels and was re jected. The material retained on the 120-fLm mesh (frac tion 2) contained small vessels (average diameter 15 fLm) and capillaries, cell debris, and a number of myelinized fibers. Occasionally, further filtrations were performed using three layers of the 120-fLm filter in order to collect only capillaries (fraction 3; diameter 5 fLm).
The myelin was removed from these small vessel or capillary preparations (fractions 2 and 3) by centrifuga tion in a BSA-HEPES medium as described above. After centrifugation the sedimented microvessels were washed with the culture medium -medium 199 (M 199) con taining penicillin, streptomycin, and fungizone and sup-J Cereb Blood Flow Metabol, Vol. 4, No.3, 1984 plemented with 20% fetal calf serum (Gibco reagents). The microvessels were seeded on collagen-coated 35-mm petri dishes. Collagen was extracted from the rat tail tendon with 0.1 % acetic acid. The collagen coating was necessary for good adhesion of the microvessels. The cul tures were washed 1 day after seeding and then twice a week.
Immunofluorescent localization of the Factor VIII antigen in the cultured cells
Cultures seeded on collagen-coated coverslips were used for this study. The cultures were washed three times with PBS and then fixed by a 5-min incubation with meth anol-acetone (1: I vol/vol). After rinsing with PBS, the cultures were incubated with a monospecific antiporcine Factor VIII-related antigen. Two different antibodies were used, one from the Mayo clinic (courtesy of Prof. W. Bowie) and one from the U 143 INSERM (courtesy of Dr. D. Meyer). These antibodies were used at a dilu tion of I :20 and 1 :40. Negative controls were carried out with nonimmune rabbit serum. The coverslips were washed three times with PBS, and a rhodamine-labeled goat antirabbit globulin (Nordic Immunological Lab.) was then added at a dilution of 1: 100. A 45-min incubation at 37°C was followed by three additional washes in PBS. The glass coverslips were mounted in a glycerol-PBS mixture (3: 1 vol/vol) and examined under a fluorescence microscope (Zeiss IV FI) with filters 546/5801590.
Analysis of the arachidonic acid metabolites produced by the cell cultures
The cultures were washed three times with M 199 without fetal calf serum and incubated with 0. 5 ml M 199 containing 2 fLl [l-14Clarachidonic acid (50 mCi/mmol, 50 fLCi/ml; N.E.N. Corp.) for 15 min. The supernatant was collected and extracted with chloroform-methanol (2: I vol/vol). then acidified to pH 3, and extracted again with diethylether. The two organic phases were combined and evaporated under nitrogen. The extract was chromato graphed on silica plates with the upper phase of the ethylacetate-isooctane-acetic acid-H20 mixture (82.5:37.5: 10:75 vol/vol). Standards of 6-keto-prosta glandin F la (6-k-PGFla) and prostaglandin E2 (PGE2) were used to identify these compounds. An autoradiogram was performed. The radioactive areas were scraped off and counted in a liquid scintillation counter (Intertechnic).
MAO assay
MAO was assayed by measuring the rate of the de crease in oxygen tension with a Clark-type electrode ac cording to the technique of Weetman and Sweetman (1971) . The samples (2.5-5 mg protein ml-I) were sus pended in a reaction medium of the following composi tion: 10 mM Tris-HCI, 4 mM KCN, 0. 25 M sucrose, pH 8. 2. The mixture was then allowed to equilibrate for 20 min at 30°C. After measuring the intrinsic oxygen uptake of 1-2 ml of the microvessel or cell culture suspension for 3 min, the reaction was initiated by the addition of 0. 05 ml of substrate [noradrenaline (NA) or tyramine] dissolved in the medium at 4°C, saturated with N, and protected from light. Initial velocities were obtained after corrections for the intrinsic oxygen uptake and the spon taneous substrate oxidation determined in the absence of any biological matter.
All values of MAO activity are expressed as means ± SEM, the units being nat oms O2 consumed min -I (mg protein) -I.
Protein assay
Protein values were determined by the method of Lowry et al. (1951) using BSA as the standard. The par ticulate matter was digested in I N NaOH for 1 h prior to the protein assay.
RESULTS
Comparison of MAO activity in microvessels from different regions
Measurements of MAO activity in the microves sels prepared from three different regions of the pig brain were compared. A combination of fractions 1 and 2 was used for these measurements. Ta ble 1 shows the Michaelis-Menten constants obtained using NA as substrate in preparations from the cau date nucleus, the thalamus, and the cerebral cortex. The V m values ranged from 0.76 to 1.35 natoms min -I (mg protein) -I, but there was no significant difference between them. Likewise, there was no significant difference between the Km values, which varied from 0.25 to 0.51 mM. In comparison, the value of V m obtained for tyramine in cortical micro vessels, 10.08 natoms min -I (mg protein) -I, was significantly higher than that for NA, although the Km (0.2 1 mM) was of the same order.
Comparison of MAO activity in fractions 1 and 2 Figure 1 shows photomicrographs of representa tive fields of microvessels of fraction 1 and fraction 2 obtained from the caudate nucleus and the thal amus, corresponding to the filtrates obtained on the 250-and 120-j-lm filters, respectively. Both fractions clearly contain capillaries as well as muscular walled vessels, but the proportion of the latter is small (5%) in fraction 2 and much larger (60%) in fraction 1. The MAO activity was compared in these two fractions using 1 mM NA as substrate. As Ta ble 2 shows, there was no significant differ ence between the fractions in this respect, nor any tendency toward a difference.
Identification and activity of the cultured cells derived from micro vessels
In the small vessel and capillary preparations (fraction 2) collected on the 120-j-lm filter, small plaques of endothelial-like cells appeared after 4 days in culture (Fig. 2, top ). Up to 8 days these plaques enlarged and gave rise to extensive sheets of polygonal cells growing in a monolayer and re taining their endothelial-like morphology (Fig. 2 , middle). After this period more elongated, fibro blast-like cells appeared (Fig. 2, bottom) . It should be noted that fraction 3, which contained only small capillary segments, did not give rise to a culture, since very few cells emerged from the capillaries.
The endothelial cells were identified by the pres ence of Factor VIII-related antigen as revealed by a positive immunofluorescence with an antiporcine Factor VIII antibody. Figure 3 shows the typical cytoplasmic granular fluorescence of Factor VIII related antigen in a monolayer of cells growing out of a vascular knot. This fluorescence is specific for endothelial cells, since the fibroblast-like cells did not present any fluorescence.
The ability of the 14-to 30-day cultures to convert arachidonic acid to prostacyclin was examined. After incubating the cultures for 15 min with [ l 4C]arachidonic acid, two main radioactive com pounds were produced: 6-k-PGF la' which is the stable derivative of prostacyclin, and PGE2• They were identified by comigration with the respective standards ( Fig. 4) . Eight percent of the total radio activity in the supernatant was found in the 6-k PGFla band and 3.5% in the PGE2 band.
For the determination of the MAO activity, the 14-to 30-day cultures were washed three times with Earle's balanced salt solution and then scraped off in Tris-sucrose-KCN buffer. Tyramine (10 mM) was used as substrate. The MAO activity thus ob tained was relatively low, being 1. 18 ± 0.38 natoms min-I (mg protein)-I (mean ± SEM, n = 4). This can be compared with measurements made on freshly prepared cortical microvessels, which gave (n = 8) (n = 7) (n = 9) (n = 3)
0.37 ± 0.12 0.51 ± 0.20 0.25 ± 0.05 0.21 ± 0.19
Mean values ± SEM. MAO, monoamine oxidase; n, number of preparations assayed.
a Significantly higher than value for noradrenaline (p < 0.001).
FIG. 1. Phase contrast photomicrographs of the two different fractions of freshly prepared cerebral microvessels used for monoamine oxidase assay. Top: Fraction 1, containing a high proportion of muscular-walled vessels (60% in terms of vessel length). Bottom: Fraction 2, containing a low proportion of muscular-walled vessels (5% in terms of vessel length). 
10.08 ± 1.37 natoms min -1 (mg protein) -1 (n = 3) for 10 mM tyramine.
DISCUSSION
This study was undertaken to obtain further in fo rmation on the role of MAO in the enzymatic BBB to catecholamines. We have examined the MAO activity in brain microvessels derived from different structures, different segments (capillaries versus muscular-walled vessels), and tissues ob tained in different ways (fresh versus cultured prep arations).
It is well known that two types of MAO, A and B, can be distinguished, and it is generally consid ered that many substrates are more specifically ca tabolized by one or the other type of MAO (Fowler et al., 1978) . Pig brain tissue MAO is usually con sidered to be of the B type (Tipton and Spires, 1968) , but in pig vascular tissue (both endothelium and smooth muscle) both types of MAO have been described (Trevethick et al., 1981) , as in rat brain microvessels (Lai and Spector, 1978) . We preferred to use NA as substrate in the fresh microvessel study because it was used in most of the physiolog ical experiments on the action of systemically ad ministered catecholamines and is an important bi ological substrate of vascular MAO. However, the low protein yield of the cultures did not enable ac curate measurements to be made with NA. For the comparison of fresh and cultured preparations, the enzymatic determinations were therefore per formed with the nonbiological substrate tyramine, which has the following advantages: (a) it is deam inated 7.5 times more rapidly than NA in cortical microvessels (Table 1) ; (b) it gives results that are similarly related to the capacity of NA deamination in p ig and rat microvessels (Lasbennes et al., 1983) ; and (c) it is not specific to either MAO type (e.g., Lai and Spector, 1978) and has frequently been used in studies on brain microvessel MAO.
Com p arison of the MAO in the microvessels from three different structures revealed no significant dif ferences in either V m or Km values for NA (Table  1 ), suggesting that the enzymatic barrier to cate-cholamines is generally uniform within the brain. The choice of structures investigated was guided by previous results obtained in our laboratory and else where (Aubineau et al., 1973; Sercombe et al., 1975; Edvinsson et al., 1979) , showing that catechol amines injected systemically in vivo seemed to act preferentially on the vessels derived from anterior portions of the circle of Willis, with a weaker action on those derived from posterior parts. Thus, flow in the cerebral cortex and the caudate nucleus has been shown to be reduced markedly by adrenaline or NA injection, whereas the thalamic flow was un changed. Therefore, the present results on MAO activity in the microvessels from these regions strongly suggest that the marked regional differ ences in response to circulating catecholamines cannot be related to regional variations in this en zymatic activity. Furthermore, the efficiency of the MAO barrier in relation to cell permeability appears to be very high (Lasbennes et al., 1983) , implying that at least a 10-to 20-fold decrease in MAO ac tivity would be required for any catecholamine to be able to cross the endothelial barrier in cerebral microvessels without being metabolized. There re mains the possibility, with regard to the differential action of circulating catecholamines, that the main effectors are the pial arteries, including the circle of Willis. Thus, differences may exist at that level either in the permeability of the endothelium to cat echolamines, which may be more easily p enetrated by them (Hardebo et al. 1979) , or in the reactivity of the smooth muscle of different arteries.
Ta ble 2 shows that there is no clear-cut difference in the weight-related MAO activity in microvessels of fraction 1 and fraction 2. Since fraction 1 con tains a much higher proportion of smooth muscle than fraction 2 (60% muscular-walled vessels com pared with 5%), it seems likely that the smooth muscle MAO activity is of the same order of mag nitude as that in the endothelium, or at least that an appreciable activity is p resent, in confirmation of studies on other vascular pre p arations both fresh (Verity et al., 1972; Levin and Wilson, 1977) and in culture (Hayes et al., 1979; Tr evethick et al., 1981) .
Perivascular sympathetic nerve terminals may also contribute to the total MAO activity observed in fraction 1 (largest microvessels), as suggested by the results of Hardebo et al. (1980) , although these workers found only a modest decrease in MAO ac tivity of � 30% in sympathectomized preparations.
Cultures of endothelial cells from brain micro vessels have been previously reported by Panula et aJ. (1978) and Spatz et al. (1980) . They were char acterized in these studies by L-DOPA uptake, al kaline phosphatase activity, and -y-glutamyl-trans peptidase. This last activity was considered to be the most appropriate marker for cerebral endothe lial cells. However, contact with glial cells appears necessary for the induction of this enzyme in cul tured endothelial cells (Debault and Cancilla, 1980) . The cultures used in our experiments were de rived from fraction 2. The difficulty in obtaining cultures from fraction 3, which contained only small segments of capillaries, was also mentioned by De bault et al. (1979) , and may be related to an alter ation of the capillaries during the isolation proce dure (Lasbennes and Gayet, 1984) or to the require ment of a specific growth factor for capillary endothelial cells. The cultured endothelial cells were identified by their morphology and by the presence of the Factor VIII-related antigen. The polygonal cell sheets, present alone until the 8th day of culture, showed the morphology and the monolayer growth pattern of endothelial cells. The 14-to 30-day cultures also contained smooth muscle cells or fibroblasts. The widespread localization of Factor VIII-related antigen in the endothelium has been well established. It has been considered to be a specific marker for the endothelium of various vascular segments (Hoyer et aI., 1973) , except for the endothelium of large porcine arteries (Giddings et aI., 1983) . The morphological appearance and the positive Factor VIII test indicated that the cells de rived from microvessels consisted mostly of endo thelial cells, even though some contamination by fibroblast-like cells appeared in long-term culture.
We have studied two metabolic activities, pros tacyclin production and MAO activity, to compare their preservation under the culture conditions. In the vessel wall, prostacyclin is produced mainly by the endothelium (Herman et aI., 1977) . Smooth muscle cells also display this ability, although to a much lesser extent (Baensiger et al., 1979; Gold smith et al., 1980) , but they synthesize mainly PGE2 (Ager et al., 1982) . In isolated brain microvessels both prostacyclin and PGE2 have been detected (Gerritsen et al., 1980) . In our experiments the con version of exogenous arachidonic acid was predom inantly into prostacyclin (estimated by determina tion of its stable metabolite 6-k-PGF1a), the rate being about twice the rate of production of PGE2• This result suggests that the enzymatic pathway of the prostaglandin formation was functional in our microvessel-derived cell cultures and is compatible with the identification of a high proportion of en dothelial cells. The ratio of production of 6-k-PGF la to that of PGE2 from arachidonic acid was of the same order of magnitude (2.3) as in the experiments of Gerritsen and Printz (1981) on bovine heart mi crovessels.
The MAO activity in the microvessel cultures was eight-to ninefold lower than that found in the freshly prepared microvessels, but still measurable with considerable reliability. We shall consider the following possible explanations of this lower level of activity in the cultures: (a) most of the MAO activity measured in the fresh microvessels could be contributed by contaminating elements with a high level of activity compared with endothelial cells; (b) the cultures could contain a high propor tion of contaminating nonendothelial cells; (c) the cultured cells, being subjected to much less me chanical trauma, could restrict the entry of the sub strate; (d) there could be a loss of MAO activity associated with the cell culture.
(a) There is no doubt that the fresh microvessel preparations contain various contaminating agents, especially blood elements (erythrocytes are visible in Fig. 1) , a few sympathetic fibers on the larger vessels, and a certain number of astrocytic end feet on the capillaries (Kolber et al., 1979; White et aI., 1981) . As mentioned in a previous article (Las bennes et al., 1983) , whole blood when assayed with our Clark electrode system showed no mea surable MAO activity, so that the contribution of this element to the MAO activity observed is totally negligible. Regarding the sympathetic, or even other adrenergic, fibers, Hardebo et al. (1980) dem onstrated only a modest decrease in the activity ( -30%) after sympathectomy (large vessels), and Lai and Spector (1978) found no significant change in the activity after 6-hydroxydopamine treatment (small vessels). The latter authors also found a 2.4fold higher activity in rat brain capillary-enriched FIG. 2. Phase contrast photomicrographs of cultures of cells derived from cerebral microvessels (fraction 2). Top: After 4 days, a small plaque of endothelial-like cells has developed around a microvessel. Middle: After 8 days, an extensive monolayer sheet of endothelial-like cells can be seen. Bottom: After 1 month, the beginning of an overlay by fibroblast-like cells is visible.
FIG. 3. Immunofluorescent localization of Factor VIII-related antigen in a cell culture derived from cerebral microvessels (fraction 2). The microvessel of the 4-day culture has contracted into a knot that is brightly colored by rhodamine. The cells that have emerged constitute a surrounding plaque (as in Fig. 2, top) . The cytoplasm of these cells presented a granular coloration characteristic of the Factor VIII distribution. Scale bar, 50 j.Lm. microvessels than in the brain homogenate, indi cating that other possible contaminating elements (cell debris, nerve fibers, neurons, glial cells) are unlikely to induce a gross exaggeration in the esti mate of capillary MAO activity.
(b) Regarding contamination of the cultured en dothelial cells, the highly specific Factor VIn an tigen labeling and the pattern of prostaglandin pro duction confirmed the presence of a high proportion of endothelial cells. Similar Factor VIII antigen la beling was recently used by Bowman et al. (1983) to identify cerebral endothelial cells in culture that possessed a number of features of the morpholog ical BBB (contiguity by tight junctions, paucity of pinocytotic vesicules). Thus, even if the contami nating cells possessed zero MAO activity, their presence could not account for a MAO activity nearly ninefold less than that in the fresh microves sels.
(c) The mechanical trauma involved in the prep aration of microvessels may impair the relative im permeability to the substrate, although according to Kolber et al. (1979) the measurements of activity were made at a con centration (10 mM) far in excess of the minimum concentration required for V m and thus were un likely to be influenced by limited diffusion through the cell membranes.
(d) The loss of a large proportion of the MAO activity during culture has been previously dem onstrated by Tr evethick et al. (198 1) who studied separately cultures of endothelial cells and smooth muscle cells derived from large vessels (aorta and vena cava). The MAO activity of subcultured en dothelial cells and subcultured smooth muscle cells was similar, and about four times less than that of freshly dissociated endothelial cells.
The most reasonable explanation of the present results is therefore as follows: Freshly isolated brain microvessels contain a highly active MAO lo calized in the endothelium and also in the smooth muscle of the larger vessels, whereas cultures of endothelial cells derived from such preparations tend to lose a large proportion of their MAO ac tivity, as has been demonstrated with other cultures of vascular tissue. Moreover, when tissue from the iris is transplanted to the brain, it is revascularized by capillaries that do not contain DOPA-decarbox-.c-AA 6kPGF1oc:-� 1 ylase, whereas brain tissue transplanted into the eye is revascularized by capillaries that do contain this enzyme (Hardebo et aI., 1976) . These results suggest that the tissue surrounding the vessels is important in the induction of enzymes involved in catecholamine metabolism, and that such enzy matic activity could be lost during culture in the absence of the appropriate tissue factors.
In conclusion, the results of our experiments sug gest that: (a) the MAO activity in microvessels is probably distributed more or less uniformly in the brain and therefore cannot explain regional differ ences in the cerebrovascular reactions to circulating catecholamines; (b) MAO is evenly distributed in brain microvessels of different size, implying that not only the endothelium but also the smooth 2 FIG. 4. Autoradiogram of the arachi donic acid (AA) metabolites produced by 14-to 30-day cultures derived from cerebral microvessels. Column 1: Chro matogram of the AA added to the cul ture (purity 95%); column 2: chromato gram of the derivatives after 15-min incubation with the culture. The im purities present in the [14C]arachi donic acid preparation are still visible (upper part of column 2). 6-Keto-pros taglandin F1a (6 k-PGF1a) and prosta glandin E2 (PGE2) are the main metab olites. Autoradiogram obtained on Kodak X-O-Matic film after 8 days of contact with the chromatogram. muscle of arterioles contains an appreciable amount of this enzyme; (c) in cell cultures derived from brain microvessels, the MAO activity is much lower than that found in freshly prepared tissue, although the capacity for prostaglandin synthesis appears to be maintained. In view of this evidence of func tional dedifferentiation, considerable caution should be applied in interpreting MAO and perhaps other enzyme assays on cultured vascular tissue.
